Four of the 14 cases were animals which were submitted for routine clinical examination to the School of Veterinary Medicine, University of California, Davis, and were subsequently necropsied. Eight of the cases were referred to the School of Veterinary Medicine as part of a special investigation on bovine lymphosarcoma. The remaining 2
Results

Clinical Examination
The age, breed, and sex distribution of the 14 animals is shown in Table I . The twomajor features are that Herefords comprised 10 (71 %) of the 14 cases and the age range was that of adolescent and young adult animals. All but one were from herds without previous history of lymphosarcoma. The period of clinical observation varied from 1 to 39 days, the majority falling within the 4-to 20-day period. The total course of the clinically recognizable condition, as far as could be ascertained from history provided by ranchers, was approximately 2 to 9 weeks, with a mean of about 4 weelis. Not uncommonly, however, there were indefinite signs of unthriftiness and loss of appetite for up to several months previously; the significance of this was difficult to assess.
Clinical signs u-ere primarily those produced by a space-occupying lesion in either the lower neck or anterior mediastinum, with consequent pressure effects on respiratory, cardiovascular and alimentary systems. Figure 1 illustrates the frequency of important signs. The outstanding presenting sign in animals where the tumor involved the cervical thymus (9 of 12 cases) was the presence of a large swelling in the lower neck cephalad to the thoracic inlet (Fig. 2 ). These varied in size from modest to huge enlargements and were often accentuated by accompanying subcutaneous edema and jugular distension. Enlargement of the thoracic portion of the thymus (3 of 12 cases) presented a more difficult diagnostic problem since presenting signs were similar to those produced by other space-occupying lesions of the thoracic cavity and by conditions causing pleural or pericardial effusions.
Enlarged lymph nodes were not a prominent feature of this type of lymphosarcoma. Usually few nodes were affected and the degree of enlargement was not so extensive as in calf and adult forms of the disease. Lymph node palpation was not a particularly useful aid for the diagnosis of most cases. Cardiovascular signs were caused by pressure on vessels in the thoracic inlet region or anterior mediastinurn. In addition, mediastinal masses impaired cardiac function by direct impingement on the pericardium and in 5 cases there was extensive hydrothorax. Tachycardia (>lo0 per min.) was the most common cardiac abnormality; murmurs and arrhythmias were rarely detected. Two animals with severe hydrothorax had muffled heart sounds. Obstruction to venous drainage frequently caused jugular distension and ventral subcutaneous edema of the lower cervical and brisket regions. In severe cases, the edema extended from the mandible to the udder or prepuce.
Respiratory signs, consisting of dyspnea or hyperpnea, were caused by one or both of tracheal compression and pressure atelectasis of the lungs. The latter, when present, was produced by the mediastinal mass, pleural effusion, or both. The signs were accentuated in 3 animals by inhalation pneumonia which also was responsible for cough, broncho-vesicular sounds, rBles and areas of dullness on percussion.
Anorexia and a chronic, progressive ruminal tympany caused by esophageal compression and interference with eructation were the major digestive disturbances. The degree of tympany in one animal was sufficient to contribute towards respiratory and cardiovascular embarrassment. Diarrhea was observed in 2 cases.
Posterior paresis was present in 2 animals. There was progression from normality to paresis, to almost complete motor paralysis over the course of one to two weeks.
One animal had multiple small dermal and subcutaneous nodules distributed over the lateral and ventral portions of the body. Some of these were covered by dark red scabs of encrusted exudate. The same animal had extensive thickening of the vulva1 integument, mammary gland and base of the teats. There was also moderate exophthalmos of the right eye caused by an expanding retrobulbar lesion.
There were no signs specifically referable to other body systems. Seven animals were febrile; in 3 as a result of inhalation pneumonia, but in the others the cause was not established.
FIematology
Hemograms of the 8 animals in the special investigation are presented in Table 11 . Data are from blood samples taken shortly before death (1 animal) or euthanasia (7 animals). Several hemograms were studied from each animal in most cases and in none was there appreciable change in the leukocyte findings during the course of clinical observation. There was variation in the erythrocyte and hemoglobin values with progression of the disease, however. Two animals (nos. 82 and 88) developed normocytic, normochromic anemia and 2 (nos. 46 and 96) developed borderline anemia.
Only one animal (no. 101) had a frank leukemia, although 4 others had some increase in atypical lymphocytes and unclassified cells. Bone marrow smears from 7 animals were examined ante mortem Table 111 . Two bone marrows (nos. 33 and 88) were infiltrated with neoplastic cells. The results from the other 3 animals (nos. 45, 82 and 101) are not listed because there was such an extremely high neoplastic cell population, 88.5,96.0 and 94.0 % respectively, that differential counts on other cellular elements were meaningless. Thus 5 of the 7 bone marrows had neoplastic infiltrations. Two of the 5 animals with bone marrow involvement (nos. 82 and 88) had anemia. Failure of the 2 (nos. 45 and 101) with severely affected marrow to deveIop anemia probably indicated recent rapid increase in severity. The 2 animals (nos. 46 and 96) with borderline anemia and without neoplastic bone marrow had increased erythropoiesis. 
Pathology
This description is based on detailed necropsies of 12 animals. The frequency of the organ involvement is illustrated in Figure 4 , and the distribution of lesions in individual cases is indicated in Table IV . The characteristic features in 11 of these cases were the presence of a large thymic mass and the absence of extensive involvement of most other tissues and organs. The lesions in one case were more widespread as will be explained later. One or more lymph nodes appeared neoplastic in the majority of cases, but they were mildly affected and often restricted to the thymic region.
The neoplastic process affected either the cervical (9 cases) or thoracic (3 cases) portions of the thymus. Four of the caseswith cervical involvement had slight extension into the thoracic thymus at the thoracic inlet, with transition to normal thymus caudally.
The cervical masses weighed 0.75 to 7.2 kg, most of them weighing more than 2.0 kg. Typically they were shaped like a truncated cone with the base at the thoracic inlet and the apex extending a variable distance up the neck towards the thyroid isthmus. Dimensions of the base-apex distance varied from 15 to 38 cm and the base diameter from 10 to 25 cm. The dorsal surfaces of the larger tumors were grooved for passage of the trachea and esophagus, which were compressed, and in one instance a leaflet of neoplastic tissue completely enclosed them dorsally. The carotid arteries, and to a lesser extent the jugular veins, were embedded in the dorsal portions of the large neoplasms. Five of the masses were completely encapsulated but in 4 there was infiltration laterally and ventro-laterally into the adjacent slieletal muscles. Recognizable thymic structure was present only in the smallest tumor, but all retained a coarsely lobular pattern. The thoracic masses completely occupied the anterior mediastinum, compressing the trachea, esophagus and anterior vena cava dorsally and enclosing the brachiocephalic trunk. They were intimately adherent to the pericardial sac and displaced the heart and lungs in a caudad direction. The largest weighed 5.2 lig.
The cut surface of all tumors was similar. There were multiple discrete lobules 1 to 5 cm in diameter separated by firm, white, fibrous tissue septa up to 0.3 cm in width (Fig. 3 ). The neoplastic tissue was homogenous, firm, and white or pale greyish-yellow in color in contrast Abh. 6. Lymphr)cytirer 'Typ dcs 'Thymus Lymph~~sarkoms. to the friable, fleshy consistency of neoplastic lymph nodes. Irregular hemorrhagic and necrotic foci were sometimes seen, particularly towards the center of large lesions.
Histologically, large tumor lobules were completely or partially separated by fibrous tissue septa of variable thickness (Fig. 5 ). Within the lobules, there was further incomplete subdivision by slender vascular connective tissue trabeculae. Diffuse masses of neoplastic cells in the lobules were packed with varying degrees of compactness, sometimes with apparent disappearance of cytoplasmic boundaries.
The cells tended to be formed into groups or strands by a delicate network of vascular and reticular tissue. This was particularly evident in sections stained by silver impregnation. At times, loosening of the tissue had occurred and the cells remained in apposition to the reticulin fibers, thus producing a pseudo-acinar or pseudo-tubular pattern. The widespread distribution of reticulin fibers was a prominent feature and accounted for the firmness of the tumor tissue. Invasion of the capsule, septa and peripheral lymphatics was noted in most cases and in 4 there was infiltration of adjacent skeletal muscle. The neoplastic cells represented various stages in the differentiation of lympho-reticular tissues. They were predominantly lymphocytic in 6 cases, lymphoblastic in 4, and in 2 were of the reticulum cell type.
The lymphocytic type tended to be pleocellular. The majority of cells varied from 6 to 10 p in diameter and had round, oval or indented, darkly staining nuclei with dense or blocky chromatin and indistinguishable nucleoli ( Fig. 6 ). There was a narrow rim of agranular acidophilic cytoplasm, or less commonly the cytoplasm was eccentrically located. Lymphoblasts and an occasional reticulum cell were also present in most lymphocytic tumors. The more closely packed were the cells, the more uniform was their appearance. The mitotic index varied from low in some tumors to high in others.
The lymphoblastic type were composed of more uniform and slightly larger cells (10-14 p diameter) with paler nuclei, granular chromatin and distinct single or occasionally multiple nucleoli. The mitotic index was high, with up to 5 or 6 mitoses in some high-power fields.
The cells of the reticulum cell type were large (14-20 p diameter) and anaptastic (Fig. 7) . Their nuclei were round or sometimes lobate, with prominent nuclear membranes and nucleoli. The chromatin was darkly granular or finely stippled. They had plentiful, deeply acidophilic cytoplasm and were often irregular in shape. There was a close association with reticulin fibers (Fig. 8) , and themitotic indexwas high. Thymic epithelial components were not positively identified in any of the tumor masses by examination of sections stained by hematoxylin and eosin or the P.A.S. method. The occasional reticulum-type cells seen in the lymphocytic and lymphoblastic tumors could not be differentiated from similar cells of mesenchymal origin seen in neoplastic lymph nodes either from these cases or from cases of the adult type of lymphosarcoma. In the 4 cases where there was extension of the neoplastic process from the cervical to the thoracic thymus, infiltration and early obliteration of thymic tissue could be seen (Fig. 9) .
The ventral subcutaneous edema and hydrothorax which resulted from venous and lymphatic obstruction have already been referred to under clinical signs. The three most severely affected animals had subcutaneous edematous zones several centimeters thick which were beginning to undergo organization.
Lynzpb Nodes
Nodes adjacent to the thymus were most frequently affected (Fig. 11 ). The enlargement was small and sometimes microscopic examination was needed for unequivocal determination of neoplasia. The prescapular nodes attained the greatest size, in one instance being 11 x 5.5 x 3.5 cm. Extremely large tumorous nodes, such as seen in adult cases, were not found. Early generalized involvement was present in one case.
The appearance of a cross-section of node varied, according to the extent of the neoplastic process, from an increased fleshiness of the medulla and blurring of cortico-medullary outlines to complete obliteration of normal architecture by homogeneous, pale, fleshy, friable tissue. Multiple congested or petechial foci were often present in the largest nodes.
Histologically, the earliest neoplastic change was an accumulation of tumor cells within the medullary cords, with extension to the peripheries of the primary nodules in the cortex and the subcapsular sinus. Continued proliferation of the neoplastic cells led to progressive encroachment on cortical structures and the last recognizable elements before total obliteration of architecture were isolated germinal centers ( Fig. lo) . Most nodes had some remnants of normal cortical tissue. Capsular infiltration was usually restricted to severely affected nodes. Only one node had focal, as opposed to diffuse, involvement. There was a single poorly defined neoplastic nodule at one pole, centered on the cortico-medullary junction. Generally, the same type of cells was present in the lymph nodes as in the thymic mass. There was, however, some difference, depending on the stage of the process in the individual node. The neoplastic cells were more pleomorphic in the early stages and in addition to mixtures of lymphocytes and lymphoblasts there were round or irregularly shaped anaplastic cells with large, sometimes indented or double nuclei, prominent hyperchromatic cytoplasm, and high mitotic index. These cells appeared to be transitional between lymphoblasts and reticular cells. The cells appeared more uniform in the later stages as they became more crowded together. 
Hone Marrow and Skeletal .$ystem
The red marrow was infiltrated in 5 of 7 animals. Marrow distribution was normal for the age of animal concerned, and sections revealed variable replacement of hematopoietic elements by neoplastic cells to the extent indicated by examination of smears which have already been discussed. Three of the 5 animals with bone marrow involvement also had subperiosteal neoplastic infiltration. They were among the youngest in the group, with ages ranging from 7 to 11 months. The most severely affected had accumulations of soft, greyish-red, homogeneous tissue in the subperiosteal zones of the ventral thirds of most of the sternal ribs and the anterior two asternal ribs. The deposits occurred both medially and laterally but were more extensive medially, varying from a barely discernible thickening to a sheet 0.4 cm deep (Fig. 12) . Cutting of the tissue produced a gritty sensation in sorrie instances. Similar, but somewhat thicker, subperiosteal neoplastic tissue was present in the lumbar, thoracic and posterior cervical vertebrae. Here the extent was greatest in the aedian dorsal and ventral regions of the vertebral bodies. The cancellous bone of some bodies was moderately rarefied. There was also slight sternal involvement.
The second animal had similar vertebral lesions but the costal lesion was restricted to the medial, ventral surface of the left third rib. The third animal had a few small scattered subperiosteal plaques on the medial surfaces of the ribs but no vertebral lesions.
Histologically, the periosteum was separated from the cortex by neoplastic lymphoid cells which were usually closely packed. There were numerous small hemorrhages and an occasional edematous or necrotic focus. At the periphery of the lesion, there tended to be infiltration into thickened fibrotic periosteum and sometimes there was extension into overlying tissues. The underlying bone cortex was resorbed to a variable degree, resulting initially in irregularity of outline and finally in a narrow trabeculated pattern. Slender, irregular bands of fibrous tissue or bone spicules were formed in some areas, as a consequence of the periosteal elevation ( Fig. 13 ). They were mostly orientated perpendicular to the cortex and tended to bridge the gap between it and the periosteum. 
Heart
Two animals had pale nodular tumor foci. One had a 2 cm diameter nodule in the right ventricular wall and a similar one inthe interventricular septum. The other had a 1 cm diameter focus in the right ventricular wall near its apex. Two additional animals had early microscopic lesions consisting of a few foci in which there were small numbers of neoplastic cells situated either perivascularly or between individual muscle fibers.
Central Nervous Jjrstem
The brain and spinal cord were not directly affected. Two animals each had several neoplastic nodules in the spinal epidural space. These were most numerous in the lumbo-sacral region. They were found at any level but were most frequent adjacent to the intervertebral foramina. Two other animals had microscopic infiltration of neoplastic cells into the epidural fat. In one of these, the cells appeared to arise largely from vertebral subperiosteal lesions. The other, however, had no vertebral involvement and here there were scattered small eccentric or concentric perivascular accumulations of neoplastic cells (Fig. 14) . Although they were usually seen in areas where there were nerve roots, there was no intimate association. One of the animals also had several approximately 0.5 cm diameter nodules within the dura mater lining the dorsal portion of the calvarium.
Spleen
Lymphosarcoma affected the spleens of 3 animals, in each case with a djfferent pattern. One had a moderately enlarged spleen which appeared almost completely homogeneous on cut section. Histologically, there was diffuse infiltration of the red pulp by tumor cells and partial obliteration of Malpighian corpuscles. The second had a similarly enlarged spleen but on cut section both the red and white pulp were seen to be increased in amount. Histologically, there were wide zones of neoplastic cells surrounding the Malpjghian corpuscles which merged into a diffuse infiltration in the red pulp. The third had 3 discrete, 2 to 3 cm diameter neoplastic nodules within the spleen.
Kidney
Three animals had tumor foci in the kidney. The extent varied from multiple discrete cortical nodules in both kidneys of one, to a single 0.5 cm diameter cortical nodule in the right kidney of the second, to multiple ill-defined pale foci in the cortices of the third. There was no lesion in the remainder of the urinary tract.
Minimal pulmonary involvement occurred in 2 animals. It was confined in both cases to a single small pleural nodule with slight extension into adjacent lobular interstitium. A 1.0 cm diameter nodule in one was situated in the center of the lateral aspect of the right apical lobe and a 2.5 cm diameter nodule in the other was on the lateral surface of the left cardiac lobe. The thoracic thymus of the latter animal was neoplastic and the pleural lesion might have occurred by implantation.
Skeletal M i d e
Local invasion of skeletal muscle from the cervical mass occurred in 4 animals. In 2 other animals there were distinct metastases in muscle at distant sites. One of these animals had a 7.5 x 1.3 cm fusiform, mottled pale and hemorrhagic focus in the right semitendinosus muscle; the other had a 1.0 cm diameter nodule in the left semitendinosus muscle and a similar one in the right rhomboideus.
Mamma7 Gland
This organ is rarely affected in bovine lymphosarcoma but 2 of these female animals had mammary lesions. One animal had a 17 x 12 x 12 cm mass conforming to the shape of the gland. All four quarters and the mammary integument were involved. The mass consisted of numerous 3 to 4 cm diameter neoplastic lobules. The other animal had a 2.0 cm diameter subspherical nodule in the rudimentary mammary tissue of the right rear quarter.
DiTestive Tract
The abomasum of one animal had diffuse neoplastic thickening of the fundic submucosa, up to 1.0 cm in extent. A second animal had several microscopic serosal plaques and equivocal histologic evidence of submucosal involvement. A third animal had three 2 to 3 cm diameter nodules in the wall of the small intestine and a fourth had microscopic signs of early neoplastic change in several enlarged Peyer's patches in the large intestine.
The h e r of one animal had a barely discernible pale speckling which was found on histologic examination to be caused by accumulation of neoplastic cells in the portal areas. Rarely, small foci of tumor cells were present within the lobules. The liver of a second animal was found to be involved microscopically in a similar fashion.
One animal had several 1 to 4 cm diameter nodular masses arising within the endometrial stroma jn the body of the uterus. A nodule was also present in the wall of the vagina adjacent to the uterine cervix.
Extensive involvement
One of the 12 cases differed from the remainder in that there was more widespread distribution of lesions. There was macroscopic involverrent of thymus, lymph nodes (early generalized), bone marrow, spleen, kidney, liver, epidural fat, mammary gland and skeletal muscle, and microscopic involvement of heart, abomasum and adrenal glands. These have been included in the foregoing description. In addition, there were macroscopic lesions in retrobulbar tissues, vulva, skin and peripheral nerves, and microscopic lesions in the ovaries and hypophysis. The skin lesions consisted of multiple nodular elevations pro- the trunk and were most numerous over the scapular and brisket. The hair and epidermis over the majority were intact but a few on the trunk had an alopecic surface covered by a thin crust of dried exudate. On cut section the nodules had a greyish-white, homogeneous, edematous, fleshy appearance. Microscopically, they consisted of massed neoplastic cells surrounding and obliterating the dermal adnexa and tending to extend into the subcutis (Fig. 15 ). The tumor foci in the peripheral nerves were pale fusiform enlargements, the largest being 2.4 cm long and 0.6 cm in diameter. One was located in the left musculo-cutaneous nerve as it crossed the axilla, 2 were in the muscular branch of the right tibial nerve and a fourth was in the left tibial nerve at the level of the popliteal lymph node. The enlargements were caused by infiltration of tumor cells within the perineurium, with separation of individual nerve bundles (Fig. 16 ). The cells in this case were an anaplastic reticulum cell type. WILLIS (30) and CASTLEMAN (6) both comment on the difficulty in distinguishing between thymomas containing a preponderance of lymphocytes and lymphosarcomas. The recent finding that epithelial cells of the thymus can produce lymphocytes (1) indicates that there is no sharply defined taxonomic boundary between the two types of tumor. The absence of a clear histologic division is also explained. Nevertheless, it is generally accepted that neoplastic epithelial cells comprise an essential part of a true thymoma (6, 12, 14, 30) . In the tumors described in this paper, neoplastic potential was obviously possessed by the lymphoid cells alone as evidenced both by their proliferation to exclusion of recognizable epithelial elements in the thymic mass, and by the fact that only lymphoid cells were present at other tumor sites. The correct designation of the tumors is therefore lymphosarcoma, irrespective of the part which thymic epithelium might have played in their inception.
Discussion
There have been several reports of thymomas in cattle (5, 10, 13, 20, 21, 24, 29) and although some of them were thymomas in the accepted sense of the term, others undoubtedly correspond to the thymic lymphosarcomas we have just described. Unfortunately the distinction often cannot be made on the basis of the published descriptions. BENDIXEN (2) described a sporadic form of lymphosarcoma (leuliosis) in young cattle in Denmark which was characterized by thymic lesions and generalized lymph node involvement. Cases seen in young animals in California also occurred sporadically but on the basis of age of the animal and distribution of lesions they were separable into the thymic and calf forms. The thymic form, in which the predominant and possibly primary lesion was in the thymus, was restricted in our series of cases to cattle between 7 and 30 months of age. A similar age distribution for this form has been reported by COTCHIN (9) . The calf type differed from the thymic in that younger animals were affected and the lesions were widespread throughout all lymph nodes, the liver, spleen, kidneys and bone marrow (27) . The thymus was sometimes also involved but the extent was small. We have seen one case which provided a transition between the calf and thymic forms. It is not our intention to imply that there is a rigid line of demarcation between the two.
The close relationship between the thymus and other lymphoid tissues is well established. The thymus provides the precursors of lymphoid cells (1, 22) and promotes growth and development of lymphoid tissues (15, 17) . It also plays an important role in the formation of lymphoid tumors in mice (16) . Lymphosarcoma of the thymus has also been reported in man (4), dog (8) , and cat (7, 11) . In cattle, the interesting feature of the association between lymphosarcoma and the thymus is that the bovine thymus attains maximum absolute weight at approximately 18 months of age (23); thus the period during which it appears to be primarily involved in lymphosarcoma corresponds to its period of maximum development. A similar situation has been reported to obtain for man (4) . Nothing is known of the possible interplay of hormonal, genetic, environmental and other etiological factors which might be responsible for the central role of the thymus at this time.
The majority of cattle in the thymic group were of the Hereford breed. This contrasts with the overall finding that lymphosarcoma is not as common in Herefords as it is in dairy breeds. There are in California in the under-2-years age group nearly three times more beef-breed cattle (mostly Herefords) than those ofthe dairy breeds (26) . The percentage of thymic cases in Herefords therefore corresponds approximately to their percentage of the cattle population in which most of the cases occur. We have, however, seen only one Hereford among 13 calf cases from this population over the same period of time. Thus, when compared to dairy breeds, there seems to be a predisposition for lymphosarcomas in young Herefords to be of the thymic type. Most of the cases we have seen in Hereford cattle have, in fact, been sporadic and of the thymic type. Whether this prevalence is real or apparent cannot be decided definitely as yet with the available epizootiological data. The situation merits further study because of the possibility of genetic factors being involved in addition to environmental ones. There are no published reports which confirm or refute our finding of the prevalence of the thymic form in Herefords. Some of the lymphosarcomas encountered by MONLUX, ANDERSON and DAVIS (18) were of the thymic type but since correlation of age, breed and location of tumor was not given, the proportion of this type found in Herefords could not be calculated.
The case with skin lesions and more widespread involvement of the lymph nodes and viscera than the remaining cases was included in the thymic group with reservation, although the thymic lesion was prominent. It had some features in common with so-called ''skin leukosis" which was described as a separate type by BENDIXEN (2, 3). We included it here because it had a large thymic lesion and was in the same age range as the remainder of the group.
S~l r n r n U~
Fourteen cases of bovine lymphosarcoma in which the primary lesion appeared to be in the thymus have been described. The animals were between 7 and 30 months of age and 10 were of the Hereford breed. hIost of the lymphosarcoma cases encountered in Hereford cattle in California have been of this type, but there are insufficient epizootiological data to prove that this is a real, not an apparent, prevalence.
Morphologically, the charactcristic lesion was massive thymic enlargement. Apart from involvement of bone marrow and regionalnodes, there were few lesions elsewhere in the body. Only one animal had a frank leukemia in spite of the frequent occurrence of bone marrow infiltration.
'Thymic lymphosarcoma generally differs from calf and adult forms of the disease with respect to age of the affected animal and characteristic morphological features. 
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